In order to manufacture environmentally friendly particle boards and enhance local resources, the lignins of Sorghum bicolor and Andropogon gayanus characterized using RMN 13 C and MALDI TOF have the same structures. They contents Guaiacyl (G), Syringyl (S), p-hydroxyphenylpropane (H) and functional groups of phenols, flavonoids and secondary alcohols. The total phenol content determinated using Folin-Ciocalteu reagent is respectively 20.97 and 15.42 mg eqgallic acid/g of extract. The power of their adhesives is different. The Internal Bond (IB) of particleboards manufactured with these adhesives are respectively 0.37 MPa and 0.41 MPa. These lignins can be used as antioxydants.
Introduction
Plants constituents such as lignin, tannin, hemicellulose and others are interesting. Many searchers in various fields such as in the paper industry, pharmaceutical industry, bakeries, wood adhesives etc. [1] . The most quantities of lignins are used in the paper industry. Their demand is increasing today due to their uses in It functions as a biological barrier and as a binder holding together hemicelluloses and cellulose. Profiting from its unique structure in nature, lignin has significant potential to acquire added value to produce phenolic chemicals. Thus, lignin capability to produce high added value phenolic compounds has recently attracted a great deal of interest by the scientific community [6] . Many lignins have been used in the development of adhesives, such as Miscanthus lignin [7] , wheat straw [8] and sugar maple [9] . A number of lignins have been characterized using several techniques, including Fourier trans-form infrared spectros-
copy (FT IR), size exclusion chromatography (SEC), Matrix Assisted Laser Desorption Ionization Time of Flight Mass Spectrometry (MALDI-TOF MS) and
Nuclear Magnetic Resonance spectroscopy (NMR) [3] .
This idea of upgrading local materials and replacing all synthetic resins in the wood industry with biodegradable resins made from renewable resources such as wood, grasses and bone is of economic importance particularly for African countries in development. It can be of great interest in reducing the effect of climate change in some part of this continent (the sub-Saharan Africa).
Sorghum bicolor is a cereal and forage grass which belongs to the Poaceae family and the Andropogoneae tribe. It is the world's fifth largest cereal, after maize, rice, wheat and barley [10] . It is a basic cereal plant most cultivated in sub-Saharan Africa and particularly in the Far North of Cameroon. Rich in iron, calcium and phosphorus, sorghum would be an ideal food for diabetics. In Africa, It is used as food and for treatment of various diseases such as gastrointestinal pathologies, to treat bone decalcification and to prevent gallstones. In sub-Saharan Africa, and particularly in the northern part of Cameroon, Andropogon is used as a building material. These more or less leaf-free stems are woven into mats, called "secco'', and used in the construction of huts, fences, hangars, and roofs or sold in peri-urban markets while Sorghum bicolor stems are used in the construction of huts, Fences, sheds and manufacturing germ seed.
Despite the multiple benefits of Andropogon gayanus and Sorghum bicolor stems, these gramineae are not managed efficiently, they are waste often thrown into the wild, sometimes burned and used as firewood in households in the Northern Cameroon and they simply need to be upgraded. The Andropogon particularly is often a source of environmental hazards because it is often the source of the bush fires. Thus, the extraction of their lignins would constitute a L. T. Karga et al. Journal of Materials Science and Chemical Engineering great economic potential for these African countries because resins and biodegradable composite materials will be manufactured locally [11] .
It is in this context that the present paper responds to this approach in investigating the applicability of the lignin of sorghum bicolor and Andropogon gayanus stem. Given the importance of sorghum bicolor and Andropogon gayanus species in Africa in general, and Cameroon in particular, and that of lignin in the wood and pharmaceutical industries, a sound knowledge of the chemical structure of sorghum bicolor and Andropogon gayanus using Matrix Assisted Laser Desorption Ionization Time of Flight Mass Spectrometry (MALDI-TOF MS) and Carbon-13 Nuclear Magnetic Resonance ( 13 C NMR) spectroscopy and the mechanical characteristics of particle board made from these lignins resins constitutes our interest center.
Materials and Methods

Extraction
140 g of each sample (sorghum bicolor and Andropogon gayanus) stems crushed and 980 ml of NaOH (0.7 -1 M) were mixed in a reactor of 2 liters, and boiled at 170˚C during 3 hours. After cooling the boiled content during 2 hours, it was sieved to obtained black liquor at pH = 5.5 adjusted using sulfuric acid. Then, the precipitate lignin was filtrated on the vacuum and watch with distillated water till neutral. The lignin obtained was stoved in an oven at 45˚C during 48
hours [12] . All tests were repeated three times [13] .
Total Phenolic Content
Matrix Assisted Laser Desorption Ionization Time of Light Mass Spectrometry (MALDI-TOF MS)
5 mg of each lignin extract were dissolved in 1 mL of acetone and the obtained solution was mixed with another one composed of acetone (10 mg/mL acetone) and 2,5-dihydroxybenzoic acid as matrix. Then, add the sodium chloride (NaCl)
to the matrix (10 mg/mL in distilled water) to enhance the ion formation. The Journal of Materials Science and Chemical Engineering resulting solutions were evaporated on the MALDI target before placing into the spectrometer. The KRATOS compact MALDI AXIMA PERFORMANCE MALDI TOF 2 instrument was used to record the spectra. The irradiation source was a pulsed nitrogen laser (wave-length: 337 nm, laser pulse length 3 ns, and target type: ground steel). 
Solid State
Adhesives Development and Particleboards Manufacture and Testing
A water solution containing 35% lignin extract was mixed with 5% paraformaldehyde powder and pH was adjusted to 10 adding sodium hydroxide solution (NaOH). All components weight are on solids lignin. The components of each formulation was mixed in a beaker at 25
• C temperature, process was stopped when viscosity reached 750 mPas using Brookfield viscometer RV. Spindle Nr, 27 at 25
• C. Two formulations of adhesives with those lignins extract where developed. These adhesives were used to manufacture particle boards.
Two particleboards of 350 × 300 × 14 mm 3 dimension were prepared using particles of Sorghum bicolor and Andropogon gayanus (moisture content = 2%)
at 28 kg/cm 2 maximum pressure and 190
• C press temperature during 7.5 min. The total adhesive resin solids load on dry wood was 10% w/w of the total mix of different lignin. The particleboards were tested for dry internal bond (IB) strength in accordance with the standard EN312.
Results and Discussion
Total Phenol Content
The total phenolic content of Sorghum bicolor lignin and Andropogon gayanus 
Matrix Assisted Laser Desorption Ionization Time of Light Mass Spectrometry (MALDI-TOF MS)
The examination of the MALDI TOF spectra of Sorghum bicolor and Andropogon gayanus lignin in Figure 1 and Figure (Table 1 and Table 2 ) [16] . The linkages between them are indicated by the "classical" nomenclature such as β-O-4, α-O-4, β-β, β-5, 5-5' [13] . The peak 430 Da correspond to the G-β-O4-S or G-α-O4-S structures. The values in Da of the structures corresponding to these peaks must be subtracted of 23 Da to obtain the value of their molecular weight from the peaks of the MALDI spectrum due to the NaCl matrix enhancer used. During the formation of oligomers, the loss of either a hydrogen atom or the protonated form [17] and the loss of a hydroxyl group [18] of the monomer units must be taken into account if they are not the terminal units of the oligomers. The losed of the water molecules must be taken into consideration, since water molecule will be eliminated (1 water molecule for every 2 monomers) from the oligomer during the condensation. The spectra of each lignin grasses revealed the presence Protonated or multiprotonated (with Na + ) oligomers and there are some oligomers which have lost or acquired an OH group [17] ( Table 2 and Table 3 ). There are some signals in the range of 482-700 Da confirming the presence of trimers S-βO4-H-β5-G, G-βO4-G-β5-G and S-βO4-S-ββ-S. Regarding the molarsmasses of these twolignins, namely 4000 Da forandropogonand 700 Da for Sorghum bicolor, we deducethat the degree of polymerization of andropogonlignin is greaterthanthat of Sorghum bicolor lignin.
Solid State Carbon-13 Nuclear Magnetic Resonance ( 13 C NMR)
Further information on the chemical structure of lignin extracts of Andropogon gayanus (LA) and lignin sorghum bicolor (LS) was obtained by 13 C NMR. The peaks of the spectra in Figure 3 and Figure 4 show the shifts of the components or functional groups of the monomers present in the lignin extract of Andropogon gayanus and bicolor sorghum. Each peak is associated with either a functional group or a monomer present in these lignin extracts. The attributions of the different peaks of these lignins extracts are listed in Table 4 according to the literature [19] . The Analysis of the 13 C NMR spectra in Figure 3 and Figure 4 shows that peaks 152.75; 148.23 133.63; 102.59 ppm for LS and 153.37; 148.03; 134.04; 102.38 ppm for LA indicate the presence of syringyl units (S) while the signals at 148.23; 115.54 ppm indicate the presence of a guaiacyl unit (G). The peaks 115.54 ppm for LS and 114.92 ppm for LA can also be attributed to C5 in p-hydroxyphenyl (H) or in guaiacyl unit (G) [20] . The peak 128.08 is assigned to C2/C6 in p-hydroxyphenyl (H). These peaks confirm that the lignin extract can be an herbaceous lignin (HGS) as indicated by MALDI TOF analysis. In addition, the 13 C NMR spectra of lignin extracts of Andropogon gayanus and bicolor sorghum are similar to those of herbaceous crops [20] . The very high intensity of octadecamer  2655  2678  2678  10 S-S-S-S-S-S-S-S-S-S-S-S-S-S + CH 3 tetradecamer 2918 2941 2941 10
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octadecamer 3183 3206 3206 8 lignin extract shows that it could be used as wood adhesives and as antioxidant. They are good for wood adhesive because IB for their particleboards is respectively 0.37 and 0.41 MPa. A study aimed at increasing the mechanical characteristics of these bio-based panels by combining for example tannin and lignin in the elaboration of bioadhesives since tannin and lignin form the essential of polyphenols present in the plant species.
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